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Abstract Active learning is one of the most efficient
mechanisms for learning, according to the psychology of
learning. When students act as teachers for other students,
the communication is more fluent and knowledge is
transferred easier than in a traditional classroom. This
teaching method is referred to in the literature as reciprocal
peer teaching. In this study, the method is applied to lab-
oratory sessions of a higher education institution course,
and the students who act as teachers are referred to as
‘‘laboratory monitors.’’ A particular way to select the
monitors and its impact in the final marks is proposed. A
total of 181 students participated in the experiment, expe-
riences with laboratory monitors are discussed, and meth-
ods for motivating and training laboratory monitors and
regular students are proposed. The types of laboratory
sessions that can be led by classmates are discussed. This
work is related to the changes in teaching methods in the
Spanish higher education system, prompted by the Bologna
Process for the construction of the European Higher Edu-
cation Area
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Introduction
Active Learning and the Practical Part of a Course
Active learning can be defined as a learning method where
students participate as their own teachers or as the teachers
for other classmates. Previous studies have shown the
benefits of active learning or dynamic training elements;
students take an active role in their education and stay
motivated, which greatly increases class participation
(Krouk and Zhuravleva 2009). The Roman philosopher
Luicius Annaeus Seneca (4 BC–AD 65) advocated coop-
erative learning as early as 2,000 years ago through such
statements as, ‘‘Qui Docet Discet,’’ or ‘‘those who teach
learn.’’ However, active learning methods still tend not to
be widely applied.
This paper proposes the incorporation of laboratory
sessions in engineering courses and also the use of reci-
procal peer teaching to engage students and make classes
more active. Previous studies have highlighted the impor-
tance of laboratory sessions; in a study on the application
of a set of activities intended to develop generic compe-
tences in their students, Allen and Boraks (1978) found that
the implementation of laboratory sessions resulted in stu-
dents obtaining high marks. In addition to the increase in
academic efficiency, these sessions were partly responsible
for the decrease in the school dropout rate. More recently,
Lin and Tsai (2009) revealed that students who prefer the
laboratory method to lectures are more interested in
‘‘increasing one’s knowledge,’’ which supports the argu-
ment for the incorporation of active learning methods to
motivate students. Goubeaud (2009) stated that ‘‘students
learn when they construct their own understanding’’ and
this mode of learning will be enhanced if a method that
implements mutual learning is used.
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This paper argues that in current Engineering Studies
and in the related degrees that are being implemented,
theoretical classes, such as lectures or seminars, should be
accompanied by practical classes to reinforce the theoret-
ical teachings. Practical classes have gained recognition for
their pedagogical potential in recent years; when acting as
supplements to theoretical classes, they reinforce the the-
oretical learning (Fo´lder et al. 2011). Reconciling common
sense with formalism is not always viewed as necessary or
plausible for students to accomplish (Gupta and Elby
2011). Laboratory sessions help to reconcile physics
knowledge with common sense.
However, the implementation of laboratory sessions is
not enough to ensure active participation. Even in the case
of courses that include a laboratory component, classes
tend to acquire a passive atmosphere. Typical laboratory
sessions build upon the concepts students have developed
through home-readings of the laboratory instructions and
sometimes answering comprehension questions. These
assignments can be considered passive learning, and con-
sequently, it is quite common that only a few students
complete the laboratory, while the rest simply copy the
answers. The work loses its meaning and becomes merely a
mechanical repetition of what is written in the laboratory
instructions. In the worst case, as classes are divided during
laboratory sessions into groups of two or three students,
one individual carries out the assignment while his/her
partners follow along passively. Magdalena et al. (2008)
referred to this as ‘‘parasitism.’’
This paper studies the potential of the introduction of a
student monitor in laboratory sessions to foster active class
participation. A ‘‘laboratory monitor’’ is defined here as a
student selected to be partially responsible for directing his
or her fellow students in the laboratory. This practice is a
concept derived from the reciprocal peer teaching method
(RPT) and has been supported by the study of Allen and
Boraks, who suggested that laboratories could be improved
by introducing the figure of the student monitor. The self-
directed learning strategy of using monitors results in the
concepts being better understood (Jiusto and Dibiasio
2006).
The Bologna Process
Higher education in Europe has undergone significant
changes in the past few years. The Bologna Process, which
began in 1999, called for the formation of the European
Higher Education Area (EHEA) with the purpose of cre-
ating a standardized higher education system throughout
most European countries. The new education system is
based on a standardized credit system called European
Credit Transfer System (ECTS). Each credit corresponds to
between 25 and 27 h of students’ work. In total, 240
ECTSs are required for a Bachelor’s and an additional 60
ECTS for a Master’s degree. This usually results in a
4-year Bachelor’s degree and a 1-year Master’s degree.
Along with the changes in the duration of each degree,
Bologna principles also establish a new concept for the
learning process, moving from a teacher-centered approach
to a student-centered method (Cano 2011). The objective of
this study, that is, the incorporation of active learning
techniques in the class room, is consistent with this con-
cept. Active comprehension is an important aspect of the
EHEA model of education (de la Hoz i Casas and de Blas
del Hoyo 2009). The recommendation for the ECTS is that
more than 50 % of the hours should be dedicated to
activities apart from class time. When planning the course,
the teacher should account for the time that is to be dedi-
cated outside the classroom to studying, completing prac-
tice exercises, and searching for information or completing
tasks proposed by the teacher. This new organization has
resulted in a shorter and more practical path of study in
most cases.
The Experience of Students as Teachers
This study was carried out at one of the Engineering
Schools of the Technical University of Madrid (Spain),
which is dedicated to the studies of agronomical engi-
neering. At present, the institution is involved in a process
of change in accordance with the Bologna Process. In order
to evaluate the laboratory monitor method, an experiment
involving students teaching their classmates was carried
out. This experiment was undertaken during the 2009–2010
and 2010–2011 course years in the Electrotechnical
Laboratory.
The Electrotechnics course was mandatory in the four
specialities of the study plans. Prior to the experiment
reported here, no laboratory sessions were undertaken in
any of the specialities, which was partially due to a lack of
means. In the future, all students will have laboratory
sessions, given that it has been shown that fusing theory
and practice are essential for the understanding of this type
of course (Swart 2010). The laboratory is important for the
student’s conceptual understanding but it is not enough the
performance of classic practices as it has been demon-
strated that demonstration laboratory and hands-on labo-
ratory do not pose a significant difference in terms of
conceptual understanding (McKee et al. 2007).
The use of laboratory monitors in laboratory sessions is
proposed to meet the objectives of the EHEA model of
education, to increase active learning, and to reinforce the
theoretical lessons. This method is derived from the RPT
method, wherein students alternate roles as teacher and
learner (Bentley and Hill 2009). Reciprocal peer teaching
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method (RPT) has been applied in several educational
areas with varying success (Johnson et al. 1998). Although
in existence for thousands of years, RPT is an underuti-
lized, yet highly valuable resource for higher education that
has been tested by research such as by Chatterjee et al.
(2011) that encouraged teamwork and peer-to-peer learn-
ing during the course, rather than teacher-centric learning.
These authors concluded that RPT fosters development of
professional skills such as communication and oral pre-
sentation, teamwork, decision-making, leadership, confi-
dence, and respect for peers.
The method tested in our work consisted of a selection
of students from a particular group helping their classmates
to accomplish the practical part of the course according to
the next scheme:
1. Prior to each laboratory session, all students took an
examination to test their comprehension of the part of
the course related to the laboratory.
2. Those students who passed the exam had the oppor-
tunity to become laboratory monitors during the next
session. When the examination was passed by more
students than monitor vacancies, those with higher
marks were selected. The mark obtained in the exam
by a monitor was a part of his/her final marks.
3. Before becoming monitors, the selected students were
trained by the professor to help the rest of the students.
The professor was present both during the preparation
and during the practical classes themselves, in order to
monitor the students’ performances.
Each class had 25–30 students and was divided into
small laboratory groups of one or two students. A labora-
tory monitor was assigned to assist one of these groups. In
some cases, such small groups were not possible and the
monitor assisted a group of three students.
It was decided that the experiment would be carried out
in two of the specialities, while the two other specialities
would act as control groups, continuing with the same
methodology as before. A total of 181 students were
evaluated in this experiment: the specialities ‘‘A’’ and ‘‘B’’
participated in laboratory sessions with monitors and spe-
cialities ‘‘C’’ and ‘‘D’’ did not complete any laboratory
sessions.
Table 1 shows the distribution of the students partici-
pating in the evaluation of the method. Only those students
who took the final exam were included in the results.
The monitors conducted each laboratory three times:
once while preparing it with the professor’s assistance and
twice as teachers for their classmates. Through this pro-
cess, the monitors achieved a high comprehension level of
the laboratory and also had the opportunity to gain com-
munication skills. In cases when they finished the labora-
tory before the class ended, they used the rest of the time to
propose improvements and changes to the laboratory ses-
sions. Teachers could also detect the best way to conduct
the practices, an important aim for teachers having a strong
engineering orientation (Barak and Shachar 2008).
The final marks for all the students were formed by a
theoretical part (50 %) and a practical part (50 %). The
marks for the theoretical part were obtained in a theoretical
final examination. The marks for the practical part were
obtained by solving problems in a final examination. As an
extra motivation, those students who chose to work as
monitors were rewarded for their participation by being
exempt from the theoretical final examination.
Experimental Results and Discussion
The marks of monitors, regular students who had partici-
pated in laboratory sessions, and other students who had
not had laboratories were evaluated in order to obtain
objective data. To complement this information, students in
the groups that had laboratory sessions completed a survey.
In this way, both quantitative as well as qualitative criteria
were taken into account. The results of the students from
different specialities are discussed below. The marks
should be compared between the specialities, as they are a
relative indicator.
Figure 1 shows the comparison between the average
marks of the four specialities during the 2 years of the test.
The A and B specialities had laboratory sessions with
monitors and C and D did not have any sort of laboratory
sessions. The final examination was divided into a theo-
retical and a practicum part. The theoretical part was
formed by short questions, and the practicum part consisted
of four problems to be solved during a timed period. The
whole examination was mandatory for every student except
the monitors, whose theoretical marks were achieved
through the pretest passed to become a monitor.
It must be noted that the global mark, which was the
final mark obtained by the student, was the sum of the
theoretical and practicum marks. It can be observed that
specialities A and B obtained better marks on the exam-
inations. The marks obtained by students of speciality D
Table 1 Number of students that participated in the test
Course Speciality
A B C D
2009–10 Monitor 8 9 0 0
2010–11 15 10 0 0
2009–10 Non-monitor 26 12 18 12
2010–11 22 6 25 18
TOTAL 181 71 37 43 30
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were close to those of students of specialities A and B.
According to the student’s comments in the survey that
they filled in, it can be related to the fact that students of
speciality D tend to be more interested in the course than
the students of the rest of the specialities.
To isolate the influence of being a monitor, Figs. 2 and 3
show the specific results of specialities A and B, respec-
tively. In these graphs, the data are separated for monitors
and the rest of students. It can be observed in both speci-
alities that students who acted as monitors obtained better
marks not only in the theoretical part (marks of the pretest
passed to become a monitor) but also in the practicum part
of the final exam; thus, their total marks were higher.
Apart from the discussed examination marks, a survey
was filled out by all the students who completed
laboratories, including monitors and regular students.
Table 2 shows the questions of the survey.
The students were asked to answer the survey by
assigning a mark from 0 (totally disagree) to 5 (totally
agree) to each question. The survey was anonymous, and a
space was available at the end where students were asked
to freely express their feelings about the experience. This
open-ended section provided important subjective infor-
mation from the students.
Figure 4 summarizes the answers of the students. It can
be observed that most students were not only in favor of
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Fig. 3 Results of the final examination for specialty B
Table 2 Survey questions answered by students who attended the
labs
Q1 Laboratories were useful for the course.
Q2 The number of laboratories was enough.
Q3 The content of the laboratories was appropriate.
Q4 Laboratories should not have been mandatory.
Q5 The monitor method was helpful.
Q6 Did you participate or try to participate as a monitor?
Q7 A test was necessary before the laboratory sessions.
Q8 I understood the subject better after the laboratory sessions.
Q9 The laboratories were better than I had expected.
Q10 The monitors selection process was fair.
Q11 I understood the laboratory better when it was explained by
a classmate.
Q12 Monitors were correctly trained.
Q13 The laboratory equipment was adequate.
Q14 The number of students in the laboratory groups was too high.
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having laboratory sessions but also of the laboratory
monitor method. Figures 5, 6 and 7 represent the distri-
bution of the answers for questions Q5, Q8, and Q11,
which have been considered of special interest as they are
directly related to the method. Around 80 % of students
expressed agreement with the method.
Apart from the numerical data discussed above, the
survey provided student opinions and suggestions. Most of
them were positive about the new mechanism tested in the
sense that they have better understood the course. None-
theless, some students expressed disagreement with the
system used for the selection of the monitors. Their argu-
ment was that the test before the laboratory sessions did not
serve as an adequate measure of students’ preparedness to
be monitors. This complaint can also be understood as a
positive reaction to the monitor system, given that it shows
interest in participating, and in the future, a higher number
of students could be included as monitors.
Conclusions
According to the results of this study, the teaching system
based on self-learning and reciprocal peer teaching
between students is considered strongly beneficial for
achieving the objectives of the Electrotechnics course in
higher education. Students generally pay more attention
and perform higher when a monitor explains the laboratory
session to them.
The reciprocal peer teaching system does not reduce the
necessity for professors. It usually requires extra work for
selecting and training the monitors. Hence, students receive
more individual attention, the professor solves more
advanced queries from the monitors, and monitors solve
easier questions from their classmates.
Performing a pretest is one way to select students who
are most prepared to act as monitors. However, as students
expressed in the survey, this method may exclude students
who have little experience in the course material but who
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Fig. 4 Answers to all the survey questions filled out by the students
Fig. 5 Answers for Q5 of the survey. (Don’t know 0 %)
Fig. 6 Answers for Q8 of the survey. (Don’t know 0 %)
Fig. 7 Answers for Q11 of the survey. (Don’t know 0 %)
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could nonetheless be trained to be monitors. The selection
system should not only test specific area knowledge but
also student motivation. Offering a reward to students who
act as monitors, such as their exemption from the final
exam, motivates them to work; they, in turn, motivate their
fellow student.
Practices related to electricity may pose problems in
terms of safety. This can present a handicap in the appli-
cation of the reciprocal peer teaching method. The solution
is to divide the laboratory sessions by risk levels, having
the student-led segment of the class work with reduced
voltage. By dividing the class this way, the risks involved
in electrical laboratories is minimal, and the most com-
plicated parts are directly supervised by the professor.
When dividing the class into laboratory groups, it is
desirable to create groups of students who have both
affinities and also different interests in order for students to
collaborate, challenge each other, and enrich each other’s
understanding (McNair et al. 2011).
Monitors and regular students are more motivated when
this method is implemented. The monitor system will be
applied regularly in the course to reinforce the new con-
ceptualization of education fostered by the Bologna Pro-
cess in Europe.
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